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用的是反向 W/O 微乳液体系（表面活性剂(C12-18EO9) / 环己烷 / 水）。首先，我们讨论
了合成杂多酸盐纳米材料所需的最佳条件，并在此条件下合成了五种 Keggin 型杂多酸
盐一维纳米材料。它们包括：K3[PMo12O40]·nH2O，K4[SiW12O40]·nH2O，K3[PW12O40]·nH2O，























2. 模板调控生长 In(OH)3 纳米棒以及热解生成棒状 In2O3 纳米结构 
通过表面活性剂模板法合成了 In(OH)3 纳米棒。为了使纳米产物具有理想的形态和
高产率，我们首先讨论了合成条件对产物形态的影响，找到了合成 In(OH)3 纳米棒的最
佳条件。实验证明，当反应温度为 80ºC，将初始浓度均为 0.02M 的 In(NO3)3 和 HMT 溶
液各 20ml 等体积混合，并向溶液中加入 1.46g 的 CTAB，此时反应得到的产物为尺寸均
一的 In(OH)3 纳米棒。纳米棒直径 25-55nm，长度范围在 100-225nm，统计产率大于 95%。
形貌分析结果显示，In(OH)3 纳米棒具有独特的二级结构：每个 In(OH)3 纳米棒是由多个
更小的二级纳米棒（直径 8-10nm）组成，这些小的纳米棒相互平行自组装形成束状结
构，就得到了 In(OH)3 纳米棒。高分辨电子显微图像表明，单个二级 In(OH)3 纳米棒是
沿着[110]方向生长的。由 In(OH)3 纳米棒的 XRD 图可知，（110）晶面衍射峰出现了明
显的弱化现象，这被认为是择优取向造成的。另外，我们还研究了 In(OH)3 纳米棒的分
解反应，In(OH)3 纳米棒在 450ºC 完全分解。把棒状分解产物形貌分析结果与母体形貌
相比较发现两者具有形状和尺寸的一致性。这一发现，证明分解过程中母体对分解产物
的“模板效应”。In2O3 纳米棒的晶相和组成通过 XRD 表征证明为立方相 In2O3。In2O3
纳米棒的室温 PL 光谱在 462nm 左右的发射峰被认为是离子化氧缺位受激发光的结果。 
3. 微波等离子体 CVD 方法合成四脚 ZnO 纳米结构 
在自制的微波等离子体 CVD 装置中，我们成功地合成了四脚 ZnO 纳米结构。最佳
合成条件为：氧气流速 20sccm；氩气流速 30sccm；石英管外加辅助管式加热炉，炉温
控制在 600°C，石英管内部的温度大约为 450°C。此条件下四脚 ZnO 纳米结构的统计产
率可达 75%。每个四脚结构由四个 ZnO 纳米棒连在一起组成，四条纳米棒相交在同一
个结点，纳米棒的直径在 10-25nm 范围，长度可达到 160nm，中心核尺寸 10-20nm。SEM
照片证明该结构是一个三维空间结构，四个脚（纳米棒）在空间有特定的取向。我们通
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发光机理。 
4. 在微波等离子体体系中加工制备 ZnO 纳米管 
我们首先设计了 ZnO 纳米管的合成路线，然后借助自制的微波等离子体反应装置
分三步完成了 ZnO 纳米管的加工。具体过程为：① 合成 Zn 纳米线，并用它作为下一
步合成的模板；② 控制 Zn 纳米线的氧化，生成 Zn-ZnO 纳米电缆；③ 利用 Zn 和 ZnO
的熔沸点的明显差异，通过适当加热除去 Zn-ZnO 纳米电缆中单质 Zn 的内芯，从而得
到 ZnO 纳米管。在实验过程中，我们通过改变实验参数实现了对 ZnO 管规格尺寸的控
制。例如，通过控制气流和氧化时间我们分别得到了不同直径（纳米级和微米级）和壁
























Nanostructures have received increasing interests as a result of their peculiar and 
fascinating properties, which are superior to their bulk counterparts. The most successful 
example is provided by microelectronics, where “smaller” has meant greater performance 
ever since the invention of integrated circuits: more components per chip, faster operation, 
lower cost, and less power consumption. It is also clear that a lot of interesting phenomena are 
associated with nanostructures, with the best-established examples including size-dependent 
excitation or emission, quantized conductance, metal-insulator transition. Recently, 
one-dimensional (1D) nanostructures have attracted more and more attention for their 
potential applications, such as nanoelectronics, functional nanostructural materials, and probe 
microscopy tips. In this paper, we synthesized some 1D nanostructures and their assemblies 
by different methods, including polyoxometalate nanostructures, In(OH)3 nanorods, tetrapod 
ZnO nanostructures, and ZnO nanotubes.  
Polyoxometalates (POMs) constitute a significant class of inorganic compounds with 
potential applications in catalysis, conductivity, photoelectronic device, and so on. In this 
paper, POM nanostructures and their assemblies are synthesized in an inverse microemulsion 
system, surfactant (C12-18EO9) / cyclohexane / water. The results of morphology analyses 
revealed that controlled growth of POM nanostructures could be achieved. To evaluate 
influence of the volume ratio of surfactant (Vs) to water (Vw) on morphology of products, 
different values of Vs/Vw are examined. As Vs/Vw changed, morphology transition of 
K3[PMo12O40]·nH2O nanostructures from nanoparticles (Vs/Vw=2.5) to nanorods (Vs/Vw=5.0), 
and to slices (Vs/Vw=7.5) are realized. This transition may result from the shape transition of 
micelle for changing the value of Vs/Vw. Under the same reaction conditions as 
K3[PMo12O40] ·nH2O nanorods, POM nanostructures with different heteropolyanions, 















The aspect ratios of these products decrease in the series: K4[SiW12O40]＞K3[PW12O40]＞
K3[PMo12O40], and the change of aspect ratio is attributed to the different reactivity of 
heteropolyanions in water pool of the micelle. In addition, the K3[PMo12O40]·nH2O nanorods 
synthesized in the inverse microemulsions tend to self-assemble a starlike 3-dimensional (3D) 
assembly, which K3[PMo12O40] ·nH2O nanorods with diameters ranging from 50 to 100 nm 
linked to each other at one end to form symmetric 3D stars. Besides 3D organizations of 
K3[PMo12O40]·nH2O, plait [(C4H9)4N]3[PMo12O40]·nH2O nanostructures and a few starlike 
Cs3[PMo12O40] ·nH2O are also obtained. The trend of self-assembly deals with complicated 
process, which may correlate with the interaction among cation, heteropolyanion and 
surfactant. The experimental results reveal that too big aspect ratio and non-uniform 
dimension are not suitable for the formation symmetric assembly. 
Nanosize indium hydroxide and indium oxide have drawn much interest due to their 
special semiconducting and optical properties. Here we reported an effective soft-template 
method for controllable synthesis of In(OH)3 nanostructures, in which indium nitrate was 
hydrolyzed in the presence of hexamethylene tetraamine (HMT) and surfactant 
cetyltrimethylammonium bromide (CTAB). Under optimum conditions, uniform In(OH)3 
nanorods (diameter ranging from 25 to 55nm and length up to 120-200 nm) are obtained in 
high yield (>95%). Morphology analyses revealed that the In(OH)3 nanorods were composed 
of many subunit nanorods (diameter, 8-10 nm) grown along the [110] direction. Moreover, the 
In(OH)3 nanorods were employed as hard-template to be heated at 450ºC in static air to form 
In2O3 nanorods with similar dimensions. PL spectrum of the In2O3 nanorods showed a broad 
peak at about 462 nm, which may be attributed to the existence of oxygen vacancies. 
Nanoscale ZnO is intensively studied for its outstanding electronic and optical properties. 
A wide variety of approaches have been developed for the synthesis of various ZnO 
nanomaterials, such as nanoparticles, nanorods, nanobelts and nanowires. In recent years, 















properties of assembled nanostructures. To grow symmetric tetrapod ZnO nanostructures, an 
effective microwave plasma system is designed, in which four nanorods (legs) with diameters 
ranging 10-25 nm and lengths up to 160 nm are self-assembled at one common juncture. The 
formation of the uniform tetrapod ZnO nanostructures depends on both growth temperature 
and gas flows. When Zn oxidation in the microwave plasma system without assistant tube 
furnace employed, irregular nanoparticles and a few pre-matured multi-leg nanostructures 
were dominant. High yield of the uniform tetrapod ZnO nanostructures were obtained while a 
tube furnace with center temperature of 600˚C was mounted around the quartz tube. In 
addition to temperature parameter, the carrier gas flow and content of oxygen gas also affect 
the morphologies of the products in microwave plasma system. We examined the influence of 
the flows of Ar and O2 on the morphologies of the products, and optimized the flow values to 
be 30 and 20sccm, respectively. In addition, the Raman spectrum, room-temperature PL 
spectrum and CL spectrum of tetrapod ZnO nanostructure are also examined. These evidences 
may be illuminative to understand the tetrapod ZnO nanostructures growth, but further insight 
into the formation mechanism still remains to be investigated.  
Rational design and fabrication of nanostructures in desired morphologies are important 
to meet for the urgent demand of constructing nanodevices, and it is fundamentally interesting 
to develop controllable methods for manufacturing nanostructures with expected size and 
shape. A nanowire-nanocable-nanotube route has been designed to fabricate ZnO nanotubes 
with desired dimensions in high yield by the microwave plasma CVD method. Zn nanowires 
grown from Zn powders under H2 atmosphere are shown to act as hard templates for 
constructing Zn-ZnO nanocables via its partial oxidation. The zinc core in the Zn-ZnO 
nanocables is removed when being heated, which eventually lead to complete ZnO nanotubes. 
Structural parameters of the ZnO nanotube, including diameter and wall thickness, can be 
rationally adjusted by varying the reaction conditions in the microwave plasma process, such 















sub-micrometer (outer diameters of about 200-300 nm) to nanometer (outer diameters ranging 
from 40 to 80 nm), and the walls of the tubular ZnO varied from 15 to 30 nm in thickness. 
Morphological analyses, X-ray diffraction, PL spectrum and Raman spectroscopic results 
support the validity of the proposed strategy for tubular ZnO fabrication. The process may be 





























（1-100nm）却是在 20 世纪 60 年代。早在 18 世纪 60 年代，随着胶体化学的建立，科
学家们就开始了对纳米微粒系统（胶体）的研究，只是那时候还没有“纳米”的概念。
到了 20 世纪 50 年代末，美国著名物理学家 R.P. Feynman 首先提出了纳米技术基本概念
的设想，他在 1959 年美国物理学会的年会上做了一个富有远见的报告，并设想在原子
和分子水平上操纵和控制物质。1963 年，R. Uyeda 及合作者发展了气体蒸发法制备纳米
粒子，并对金属纳米微粒的形貌和晶体结构进行了电镜和电子衍射研究，使科学界对纳
米技术的概念有了多方面的认识。1974 年，N. Taniguchi 最早使用“纳米科技”
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 2
料，并成功地制造出一些性能异常的复合纳米固体材料。1990 年 7 月，在美国巴尔的摩
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